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The	pre-launch	calibration	of	the	radiometer	includes	both	a	radiometric	and	a	polarimetric	exercise	to	characterize	temperature	dependence	of	the	reference	and	noise	source	looks	and	receiver	phase	imbalance	relative	to	the	feedhorn	input.	The	radiometric	calibration	was	accomplished	using	techniques	similar	to	[18]	and	polarimetric	calibration	[19].	The	goal	of	the	radiometric	calibration	is	to	characterize	the	losses	(or	equivalent)	and	noise	diode	added	noise	temperature,	represented	by	the	simplified	loss	model	shown	in	Fig.	9,	for	use	in	the	science-processing	algorithm.	Likewise,	the	goal	of	the	polarimetric	calibration	is	to	determine	the	polarimetric	efficiency	and	phase	differences	of	the	receiver	channels.		In	the	science-processing	algorithm,	the	antenna	temperature	referenced	to	the	feedhorn	output/OMT	input	is	computed	from	radiometer	output	counts	using	a	two-point	calibration	model:		 	𝑇%& = 𝑇%()* − ,-./0,1,23,50,-./ 𝑇%67	 (1)	where	𝑇′,()*	is	the	internal	reference	load	noise	temperature	and	𝑇′,67	the	coupled	noise	source	temperature	referred	to	the	feedhorn	output/OMT	input.	The	radiometer	output	counts	are	represented	by	𝑐: ,	where	x	indicates	reference	(ref),	antenna	(A),	and	noise	diode	+	reference	(ND,R)	states.	The	intermediate	antenna	temperature	(1)	is	input-referred	to	the	feedhorn	aperture	by	correcting	for	feed	and	radome	losses	and	physical	temperatures:	 	 	 	 		 𝑇& = 𝐿(<=>?)𝐿*))=𝑇′& − 𝐿(<=>?) 𝐿*))= − 1 𝑇*))= − 𝐿(<=>?) − 1 𝑇(<=>?) 		 (2)	
where	Lx	and	Tx		are	the	loss	factors	and	physical	temperatures	for	x	equal	to	the	radome	and	feed.	The	internal	calibration	temperatures	can	be	expressed	as	functions	of	the	lumped	losses	and	physical	temperatures	shown	in	the	loss	model	Fig.	9:		 𝑇%()* = 𝐿ABC𝐿,>DE𝐿=FE𝑇GHI − 𝐿ABC𝐿,>DE 𝐿=FE − 1 𝑇=FE	 (3a)	−𝐿ABC 𝐿,>DE − 1 𝑇,>DE − 𝐿ABC − 1 𝑇ABC 	𝑇%67 = 𝐿ABC𝐿,>DE𝐿=FE𝐿JKFL,M𝑇67	 (3b)	Alternately,	(3a)	and	(3b)	can	be	approximated	using	a	linear	model:		 𝑇()*% = 𝑇NOP + 𝑐NOP,RS*∆𝑇NOP + 𝑐TUV,()*∆𝑇TUV + 𝑐WXYZ,()*∆𝑇WXYZ + 𝑐[\Z,()*∆𝑇[\Z + 𝑇>**J)L(4a)		 𝑇]7% = 𝑇,67 + 𝑐NOP,67∆𝑇NOP + 𝑐TUV,67∆𝑇TUV + 𝑐WXYZ,67∆𝑇WXYZ + 𝑐[\Z,67∆𝑇[\Z	 (4b)	where	coefficients	𝑐:	are	derived	from	pre-launch	thermal	vacuum	(TVAC)	testing	and	∆𝑇:	indicates	physical	temperature	deviation	away	from	the	reference	temperature	used	in	the	linear	model	fitting.		The	TVAC	tests	consisted	of	a	series	of	data	collections	with	the	radiometer	at	different	combinations	of	controlled	temperatures	for	each	zone.	The	first	TVAC	test	was	limited	to	the	radiometer	electronics	and	the	coaxial	components	portion	of	the	feed	network.	Each	major	component	was	installed	on	an	individually	controlled	heater	plate,	were	connected	together	using	spaceflight	coaxial	cables,	and	temperatures	were	then	varied	±10°C	about	20°C	after	[20].	A	coaxial	calibration	source	comprising	a	temperature	stabilized	matched	termination	and	coldFET	was	used	to	provide	two-point	calibration.	The	coldFET	was	calibrated	against	a	liquid	nitrogen	coaxial	standard	load.	A	second	TVAC	test	was	performed	with	the	OMT	and	feedhorn	installed	viewing	a	flat	ferrite	tile	absorber	plate.	While	data	taken	in	the	first	were	used	to	obtain	the	sensitivity	of	the	coupler,	diplexer	and	the	internal	calibration	sources	to	their	physical	temperature,	the	second	test	
yielded	the	sensitivity	of	the	calibration	to	OMT	and	feedhorn	temperatures.	The	resulting	calibration	coefficients	are	shown	in	Table	2.	There	is	a	relative	lack	of	sensitivity	of	the	reference	load	antenna-referred	temperature	due	to	variations	in	feed	network	components;	however,	the	reference	load	temperature	is	quite	sensitive	to	changes	in	the	RFE	temperature	as	indicated	by	the	20%	value	of	cRFE,	likely	due	to	changes	in	thermal	gradients.	The	noise	source	has	a	temperature	sensitivity	of	𝑐GHI/𝑇67 =	2.5	and	2.7	ppt/oC	due	to	RFE	temperature	changes	for	the	vertical	and	horizontal	polarization	channels,	respectively.				
Table 2    SMAP Radiometer Calibration Coefficients (Full Band) 
  𝑐GHI  𝑐ABC 𝑐,>DE 𝑐=FE Note 𝑇()*%  V-pol 0.205 4.78´10-5 -0.052 -0.073 𝑇>**J)L =0.225 K 
H-pol 0.208 5.23´10-5 -0.056 -0.064 𝑇>**J)L =0.741 K  𝑇67%  V-pol 1.18 0.015 0.036 0.002 𝑇67 = 465 K 
H-pol 1.24 0.012 0.053 0.048 𝑇67 = 452 K 
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